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ABSTRACT 


Project  4.S  was  to  study  the  danger  to  aircraft  from  air  pressures  resulting  from  a  deep 
underwater  nuclear  explosion,  and  to  this  end  measurements  were  planned  from  the  surface  to 
a  height  of  600  ft  and  out  to  6000  ft  from  c  orface  sero.  Bad  weather  forced  abandonment  of  all 
but  two  measurements,  surface  pressures  at  0  and  5500  ft.  These  data  confirm  that  acoustic 
coupling  can  predict  peak  air  pressures  at  the  surface  but  not  later  pressures.  From  Project 
4.5  results  and  data  from  experiments  on  high  explosives,  predictions  are  made  of  air  pres¬ 
sures  to  be  ejected  from  Wigwam  tinpe  weapons. 


SECRET- RESTRICTED  DATA 


CONTENTS 


Page 


ABSTRACT . 3 

1  OBJECTIVES . 7 

2  BACKGROUND  AND  THEORY . 7 

3  RELATED  EXPERIMENTS . 9 

4  EXPERIMENTAL  PLANS  AND  OPERATION . 11 

5  RESULTS  AND  DISCUSSION  OF  DATA . 13 

6  CONCLUSIONS  AND  RECOMMENDATIONS . 16 


ILLUSTRATIONS 


1  Overpressures  in  Air  from  the  Burst  of  32  Lb  of  TNT  at  a  Depth  of  16.2  Ft  .  .  9 

2  Comparison  of  WES  Data  with  Predictions . 12 

3  Sample  Wave  Forms . 13 

4  Prediction  of  Air  Pressures  for  a  Wigwam  Type  Burst . 15 


TABLES 

1  Results  of  Air  Pressure  and  Water  Shock  Measurements . 10 


2  Coupling  Factors  from  WES  Data . 11 

3  Resultant  Data,  Project  4.5 . 14 


4  Comparison  of  Measured  and  Theoretical  Coupling  Factors . 14 


5-6 


SECRET- RESTRICTED  DATA 


SECRET 


AIR  PRESSURES  FROM  A  DEEP  UNDERWATER  BURST 


1  OBJECTIVES 

The  purpose  of  Project  4.5  of  Operation  Wigwam  was  to  measure  air  pressures  from  a 
deep  underwater  nuclear  e]q>losion  at  the  surface  and  at  altitudes  approaching  those  which 
would  be  used  by  a  delivery  aircraft.  In  particular  it  was  desired: 

1.  To  determine  the  coupling  of  the  water  and  the  air  shock,  and 

2.  To  determine  the  attenuation  of  the  shock  wave  with  altitude. 


2  BACKGROUND  AND  THEORY 

A  secondary  but  important  consideration  in  any  proposed  use  of  nuclear  weapons  is  that 
the  delivery  aircraft  should  escape  unharmed  by  its  cargo.  An  underwater  explosion  is  dan¬ 
gerous  to  an  airplane  because  of  the  resulting  shock  wave  and  because  of  water  thrown  up  into 
the  air.  In  this  project  we  deal  only  with  the  shock  in  air;  surface  effects  are  considered  by 
Project  1.5.‘ 

The  problem  of  what  the  air  pressures  from  an  underwater  burst  will  be  is  not  as  simple 
as  has  sometimes  been  assumed.  Underwater  shock  pressures  can  be  estimated  from  empiri¬ 
cal  formulas’*’  and  were  measured  at  Wigwam  directly  by  Projects  1.2,’  1.2.1,’  and  1.3*  and 
indirectly  by  Project  4.4.’  The  magnitude  of  a  shock  transmitted  from  water  into  air  can  be 
estimated  using  acoustic  theory,'*'  but  this  method  estinutes  only  the  peak  overpressure  with¬ 
out  specifying  the  subsequent  decay.  Finally,  it  is  not  certain  how  the  wave  will  propagate  and 
decay  in  the  air  away  from  the  surface. 

Transmission  of  a  pressure  wave  from  water  into  air  can  be  described  acoustically:’ 


Pa  .  2pac,cos  . 

P,  Pw^w  ^a 

where  P^  and  P^  are  peak  overpressures  in  air  and  water,  respectively,  and  are  densi 
ties  of  air  and  water,  C|^  and  are  velocities  of  sound,  and  ^  and  are  angles  from  the 
normal  of  incidence  and  transmission.  The  angles  and  <l>g^  are  related  by  Snell’s  law: 


eln_^  _  Cj 

sin  4>»,  Ca 


(2) 


These  expressions  apply  only  to  the  initial  overpressure.  The  time  scale  of  the  air  pressure 
wave  is  longer  than  ttat  of  the  water  wave  because  water  thrown  up  in  the  dome  maintains  air 
pressures  while  pressures  in  the  water  below  are  falling.  Although  experiments  show  this  ef¬ 
fect,  no  descriptive  theory  of  it  appears  to  exist. 


7 

SECRET 

RESTRICTED  DATA 


In  ncouatlen,  oyerpreimre  In  air  fall*  off  invaraaly  an  tha  (Uatanea  from  tha  apparant 
aourca  of  tha  aaploslon,  modUlad  by  tha  vartleal  gradlant  of  danaity  and  yaloelty  of  aound  In  tha 
atmoaphara.  Tha  ovarpraaatira  vaiiaa  aa: 

») 

Tha  phyaleal  raaaon  for  thia  la  diat  tha  praaaura  wava  (Uvargaa  aa  It  travala  away  from  Ita 
aourca  ao  that  Ita  anargy  la  apraad  ovar  a  largar  araa.  In  ahoek  waraa  anothar  factor  cauaaa 
tha  paak  ovarpraaaura  to  dacraaaa  faatar  than  acouatlcally.  Thla  factor  la  the  degradation  of 
tha  atrangth  of  tha  ahoek  front  aa  a  rarefaction  from  behind  catehaa  up  with  tha  front  Itaalf.  In 
tha  air  praaaura  wava  from  an  underwater  axploalon,  a  third  factor  entara,  eroaafaad  between 
parta  of  tha  wava  not  at  tha  aama  praaaura.  For  weak  ahoeka,  thaae  aevaral  affacta  can  be 
conaolldatad  into  tha  one  differential  equation 


Z  dr  r  7  cfl  10  Zr  aln  ^  8^  '  ' 

where  Z  la  tha  ratio  AP/P|  of  tha  ovarpreaaure  to  tha  praaaura  In  front  of  tha  ahoek,  r  la  tha 
dlatanca  to  the  canter  of  curvature  of  tha  ahoek  front,  6  la  tha  time  eonatant  of  tha  ahoek  de¬ 
fined  by  tha  aapreaalon 


and  n  la  tha  particle  velocity  In  tha  wava  In  tha  direction  ^  perpendicular  to  r,  normallaad  by 
dividing  by  tha  amUant  velocity  of  aound,  Cf.  All  quantltlaa  are  to  be  avaluatad  In  Bularlan  eo- 
ordlnataa  at  tha  ahoek  front  Tha  flrat  term  on  tha  right  of  Kq.  4  rapraaanta  tha  dlvarganea  of 
tha  wava;  the  aacond,  dlaalpatlon  at  tha  front;  and  the  third,  eroaafa^  or  the  Influence  of 
neighboring  parta  of  tha  wava  not  at  tha  aama  praaaura. 

For  apharlcal  aymmatry,  l.a.,  no  eroaafaad,  there  exlata  an  Integration  of  Iq.  4. 


% 

Zf 


-{l/(m+l)J 


(6) 


where  m  la  a  ahapa  factor  needed  to  daacrlba  how  tha  time  eonatant  ehangaa: 


def  ^  3mZ 
dr  ■  7 


eroaafaad  appaara  In  Bq.  7  aa  wall  aa  In  Bq.  4.  Tha  affect  In  Bq.  4  la  ttia  raault  of  adjacent 
parta  of  tha  ahoek  front  traveling  at  dlffarant  apaada  bacauaa  th^  are  of  different  atrangtha. 
lha  affect  which  makaa  Itaalf  felt  aa  a  damping  time  eonatant  In  Bq.  7  la  tha  raault  of  croaaflow 
being  aat  up  by  praaaura  gradlenta  behind  the  front  and  tha  raaultlng  rarafaetlona  or  compraa- 
alona  raacUng  tte  front.  Tha  comUnad  raault  of  thaae  aevaral  affacta  la  Included  In  the  a:q;>raa- 
alon 


Z_ 

Z« 


(8) 


valid  near  die  vertical  axla.  It  la  to  ba  noted  that  tha  ahapa  factor  haa  bean  aat  equal  to  aero: 
ehangaa  In  tha  time  eonatant  cauaad  by  algnala  from  behind  tha  front  and  by  eroaafaad  are  In 
oppoalta  dlractlona  and  ara  roughly  equal.  Tha  laat  term  on  the  rlg^t  of  Bq.  8  la  tha  raaldual 
affect  of  unequal  valocltlaa  of  different  parta  of  the  ahoek  front  Bach  of  thaae  aevaral  affacta 
makaa  tha  ovarpraaaura  dacraaaa  faatar  than  acouatlcally. 
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DISTANCE  FROM  SURFACE  ZERO  (ft) 


3  RELATED  EXPERIMENTS 


The  Waterways  Experiment  Station  (WES),  Vicksburg,  Miss.,  in  conjunction  with  the  Naval 
Ordnance  Laboratory  (NOL),  has  made  an  extensive  study  of  air  pressures  from  underwater 
bursts  of  TNT.**  The  deepest  of  these  bursts  were  of  32-lb  spheres  of  TNT  at  depths  of  16.22 
ft,  which  corresponds  by  wVi  scaling  to  a  depth  of  1750  ft  for  20  kt  (4  x  10*  lb)  of  TNT  or  to  a 
)  depth  of  2000  ft  for  30  kt  of  TNT.  The  resulting  data  for  this  deepest  burst  are  summarized  in 

Fig.  1  and  Table  1. 


Fig.  1 — Overpressures  in  air  from  the  burst  of  32  lb  of  TNT  at  a  depth  of  16.2  ft.  Data  obtained  at 
WES. 


These  data  can  be  used  to  test  the  theoretical  ideas  expressed  above.  In  Table  2  the  coup¬ 
ling  factors  (P,  /P«r)  predicted  by  Eq.  1  are  compared  with  those  measured.  As  NOL  says, 

"the  agreement  numerically  is  not  satisfactory"  (reference  12,  p.  11).  In  every  case  except 
above  surface  zero  the  measured  values  are  low. 

The  last  column  in  Table  1  gives  time  constants  determined  from  tracings  of  the  original 
records.  These  indicate  that  the  time  scale  of  the  air  pressure  wave  was  about  14  times  as 
long  as  that  of  the  underwater  wave.  If  the  water  of  the  dome  had  acted  as  a  perfect  piston,  the 
time  constant  of  the  resulting  air  pressure  wave  would  be  Vo/a,  or  of  the  order  of  seconds.  It 
is  obvious  that  the  water  did  not  act  as  a  perfect  piston. 
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Tabu  1— RESULTS  OF  AQt  PRESSURE  AND  WATER  SHOCK  MEASUREMENTS 
(Charga  Oapth  >  16.82  fti  Charga  Walght  -  38  lb) 


X* 

y* 

Bt 

API 

t.» 

ft 

0 

-1 

4 

4060 

2.68 

0.313 

0 

-0.6 

8 

3680 

2.81 

0.381 

0 

40.8 

8 

1.88 

8.13 

4.82 

0 

1.0 

4 

1.63 

3.64 

4.81 

0 

4.0 

8 

1.8 

8.11 

6.64 

0 

8.0 

2 

1.8 

7.M 

8.04 

0 

8.87 

4 

1.88 

8.88 

8.80 

0 

10.0 

4 

1.26 

11J8 

4.77 

0 

18.0 

2 

1.36 

12.86 

8.08 

0 

18.88 

4 

0.88 

18.88 

4.81 

0 

80.0 

4 

1.06 

20.88 

4.18 

0 

26.0 

4 

1.06 

84J7 

8.87 

8.0 

1.0 

2 

1.7 

3.80 

4.88 

8.1 

-0.8 

10 

4060 

3A0 

0.386 

8.1 

40.8 

10 

1.42 

3A3 

6.81 

8.1 

4.0 

6 

1.34 

8.80 

8.81 

8.1 

8.87 

4 

1.33 

8.06 

7.88 

8.1 

12.0 

8 

0.63 

12.86 

0.12 

6.1 

28.0 

4 

0.88 

84.88 

7.68 

10.0 

1.0 

8 

1.8 

4J8 

8.80 

10.0 

12.0 

2 

1.1 

13.74 

8.08 

16.0 

1.0 

4 

1.03 

6.01 

8.70 

16.0 

8.0 

2 

0.7 

11.80 

8.86 

17.7 

-18.2 

14 

3440 

3A4 

0.386 

80.0 

4l.O 

1 

0.8 

8.87 

4.70 

84.3 

-0.8 

8 

2380 

6A8 

0.381 

84.3 

40.8 

8 

0.43 

8.78 

8.68 

24.3 

4.0 

4 

0.48 

8J8 

4.88 

84.3 

8.67 

4 

0.40 

10.74 

8.38 

24.3 

10.0 

2 

0.6 

14.20 

8.86 

84.3 

28.0 

8 

0.68 

80.84 

8.38 

28.0 

1.0 

1 

0.4 

8A8 

10.08 

30.0 

1.0 

1 

0.2 

7.44 

11.3 

40.84 

-0.8 

1 

1800 

8.70 

0.80 

40.84 

40.8 

7 

0.84 

8.80 

4.48 

88.77 

40.6 

4 

0.1 

11.87 

6.88 

*x,yi  Cartaataa  ooordlnataa  baaad  on  aurfeca  aaro. 
ta:  Bumbar  of  maaauraoMBU  of  AP. 
fAPi  paak  ovarpraaaura. 

It«i  arrival  tlaia  from  bunt  tlaa. 

If:  initial  tlma  oonatant. 
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In  Fig.  2  the  experimental  data  over  surface  zero  are  compared  with  overpressures  pre¬ 
dicted  acoustically  and  with  those  predicted  by  Eq.  8,  assuming  that  the  surfitce-level  pressure 
is  correct.  For  comparison  a  dashed  line  has  been  added  which  represents  the  best  statistical 
fit  to  the  data.  These  data  indicate  clearly  that  the  air  shock  from  an  underwater  explosion 
cannot  be  treated  as  an  acoustic  problem  only. 

It  has  been  implied  that  WES  data  should  be  representative  of  the  Wigwam  shot  because  the 
scaled  depths  were  roughly  the  same.  On  the  other  hand,  there  is  at  least  one  a  priori  reason 
to  expect  the  WES  data  not  to  scale.  The  reasons  for  the  nonlinear  (nonacoustic)  behavior  of 
the  air  wave  are  crossfeed  and  the  expansion  behind  the  front.  How  important  the  latter  effect 
la  depends  on  the  dome.  But  the  dome  cannot  scale.  The  dome  starts  rising  at  a  velocity  which 
depends  on  the  incident  overpressure  (and  to  a  small  extent  on  surfhce  roughness)  and  is  there¬ 
after  slowed  down  by  gravity  and  air  drag.  And  gravity  does  not  scale.  Both  in  the  WES  experi¬ 
ments  and  in  Wigwam  the  initial  upward  rise  of  the  water  at  surface  zero  was  about  100  ft/sec. 
Because  of  gravity  neither  dome  could  rise  more  than  about  150  ft.  The  scale  fhctor  between 
the  two  was  108;  so  the  Wigwam  dome  had  roughly  100  times  the  density  of  the  other  and  should 
be  a  more  effective  piston.  E  should  keep  the  overpressure  positive  relatively  longer  at  Wig¬ 
wam  and  make  duration  effects  on  peak  pressures  less.  Peak  overpressures  at  altitude  should 
be  greater  than  WES  type  data  would  indicate. 


Table  2— COUPliNO  FACTORS  FROM  WES  DATA 


station 

Theoretical 

Experimental 

Ratio 

X  -  0 

5.4  X  10"^ 

5.66  ±  0.73 

0.87 

x  =  8.1 

4.8  X  10"^ 

3.51  a  0.02 

1.33 

X  =  2.43 

3.0  X  10-* 

1.81  *0.12 

1.66 

X  =  40.6 

2.0  X  10"* 

1.84  *  7 

1.09 

4  experhiental  plans  and  operation 

Original  plans  for  this  project  included  measurements  of  free-air  overpressure  vs  time  at 
surface  ranges  of  0,  2300,  3900,  and  6100  ft.  These  stations  were  represented  in  the  tow  line 
by  the  YC-473,  the  LCM-IA,  the  LCM-2A,  and  the  YFNB-12,  respectively.  Measurements  were 
to  be  made  at  heights  of  50,  250,  and  500  ft  above  the  water  except  at  the  230C-ft  station,  where 
a  measurement  at  50  ft  only  was  to  be  made.  Mooring  lines  of  large  helium-filled  balloons  of 
nylon-covered  polyethylene  were  to  be  used  to  hold  the  gauges  in  place.  Bach  balloon  would 
supply  a  free  lift  of  2200  lb  to  support  gauges,  transmitters,  and  cables,  and  each  was  to  be 
flown  at  an  altitude  of  650  ft. 

The  first  three  stations  were  expected  to  sink  after  the  burst;  therefore  the  data  from 
these  stations  were  to  be  telemetered  by  FM-FM  radio  to  the  USS  Curtiss.  Two  transmitters 
for  this  purpose  were  to  be  hung  50  ft  below  each  balloon,  each  housed  in  a  waterproofed  metal 
container  and  each  pair  with  a  quarter-wave  ground-plane  antenna  mounted  on  top.  Two  gauges 
were  to  be  mounted  at  each  height  of  interest  with  electrical  cables  running  from  each  gauge  of 
a  pair  to  a  different  transmitter,  thus  assuring  complete  information  even  should  one  trans¬ 
mitter  fail. 

The  six  transmitted  signals  were  received  at  a  trailer  on  the  fantail  of  the  USS  Curtiss. 

The  frequency-modulated  signals  were  recorded  directly  on  Ampex  magnetic-tape  recorders 
and  were  also  discriminated  and  recorded  on  Consolidated  oscillographs. 

The  6100-ft  station  was  expected  to  survive  the  detonation;  therefore,  at  it,  hard-wire 
telemetering  was  used,  data  being  recorded  on  a  magnetic-tape  recorder  and  on  a  Midwest 
oscillograph. 
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OVERPRESSURE  (psi) 
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Pressure  transducers  used  were  the  Wiancko  twisted  Bourdon-tube  gauge  and  the  Northam 
and  Datran  diaphragm  type  variable- reluctance  gauges. 

Four  balloons  were  Inflated  and  put  Into  position  on  the  tow  line  on  D-2,  but  continuing 
high  winds  and  rough  seas  prevented  attaching  the  gauges  and  associated  telemetering  equip¬ 
ment  to  the  mooring  lines  and  raising  them  to  altitude.  The  wind-buffeted  balloons  became  a 
hazard  to  aircraft  and  to  the  equipment  of  other  projects  and  had  to  be  cut  loose;  measurements 
at  altitude  had  to  be  abandoned. 

In  an  eleventh-hour  attempt  to  salvage  some  Information  of  value,  gauges  were  Installed  on 
D-1  on  the  YC-473  and  the  YFNB-12  near  the  water  surface.  No  such  gauges  could  be  Installed 
on  LCM’s  lA  and  2A  because  the  tailgate  of  the  USS  Comstock  broke  and  boats  which  were  to 
have  been  used  for  transportation  could  not  be  removed  from  the  well.  On  the  YC  all  gauges 
were  mounted  on  a  steel  framework  welded  to  the  deck  so  as  to  extend  several  feet  out  over 
the  water  and  about  20  ft  above  It.  Gauges  were  mounted  on  the  YFNB  at  three  different  loca¬ 
tions:  two  on  the  rail  near  the  bow,  two  In  the  cable  tub  on  the  forecastle  deck,  and  two  tied  to 
a  boom  on  the  helicopter  deck.  These  gauges  were  about  24  ft  from  water  level. 

5  RESULTS  AND  DISCUSSION  OF  DATA 

At  both  the  YC  and  the  YFNB  there  were  several  gauges  and  hence  several  overpressure¬ 
time  records.  Sample  wave  forms  are  shown  In  Fig.  3,  and  overpressures  and  times  deter¬ 
mined  from  these  records  are  given  In  Table  3.  This  table  Includes  all  the  few  data  obtained 
In  Project  4.S. 


Measurements  of  undersurlkce  pressures  were  made  at  the  YC  by  the  Naval  Research 
Laboratory  (NRL)  (Project  i.2.1)  and  Indirectly  by  the  Armour  Research  Foundation  (ARF) 
(Project  4.4),  and  at  the  YFNB-12  by  the  Naval  Ordnance  Laboratory  (NOL)  (Project  1.2)  and 
the  Navy  Electronics  Laboratory  (NEL)  (Project  1.3).  Their  preliminary  results  are  tabulated 
In  Table  4.  In  this  table  are  also  given  coupling  factors  (I}^  /P^)  calculated  from  these  data 
and  acoustically  from  Eq.  1.  Agreement  Is  better  than  In  the  case  of  tiie  WES  data. 

It  was  Impossible  to  keep  the  gauges  completely  free  from  Interference  from  the  barge  on 
which  they  were  mounted.  This  effect  Is  such  as  to  delay  the  rise  to  maximum  overpressure, 
but  It  should  not  affect  that  maximum  by  more  than  5  per  cent. 

Only  from  surface  zero  measurements  can  a  time  constant  be  determined;  It  Is  about  430 
msec,  IS  times  as  long  as  the  underwater  time  constant.  This  Is  very  nearly  the  same  ratio  as 
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TlbU  3— RESULTANT  DATA,  PROJECT  4.6 


Surface  Zero  Station 

Gauge 

OLD  OHD 

OBfN 

OHN  ' 

Average 

APi  (initial  rise),  psi 

0.799  0.881 

0.793 

0.727 

0.795  a  0.055 

AP|  (max.  pressure),  pai 

1.870  1.390 

1.302 

1.388 

1.367  a  0.038 

AP|  (final  presaure),  pal 

1.23  1.33 

1.12 

1.18 

1.214  a  0.09 

T|  (arrival  time),  maeo 

403.5  404.6 

403.9 

404.6 

403.9 

Tiin  (time  to  max.),  maeo 

29.8 

T  (duration  of  record),  maeo 

75.3 

t  (time  oonatant),  maeo 

445  1058 

325 

331 

430  a  320 

-130 

6600-ft  Station 

Oauge 

IN  2W  3N 

4W 

6N 

6W  Average 

0.123 

APi  (flrat  max.),  pai* 

0.110 

0.143 

0.115  a0.018 

0.158 

AP|  (aeoond  max.),  pai*  0.172  0.138 

0.165 

0.156  a0.015 

Tt  (arrival  time),  maeo  1182  1182  1182 

1182 

1182 

1182  1182  a  5 

a5 

T«  (poaldva  duration),  maeo  207.0  258.0 

105.3 

160.0  204.0  a  70 

*8eeondary  aignala  observed  at  4.0,  5.9,  and  11.8  aeo. 

Table  4— COMPARISON  OF  MEASURED  AND  THEORETICAL  COUPUNQ  FACTORS 

Station 

Underwater 

preeaure, 

pal 

Air 

overpreasure, 

pel 

Coiqdlng 

(experimental) 

Coupling 

(theoretloal) 

Ratio 

Oft 

Pro).  1.2  (NOD:  3000 

1.36 

4.65  X  KT* 

6.35  X  10"* 

1.18 

Pro).  1.2.1  (NRL):  3000 

1.36 

4.55  X  lO"^ 

6.36  X  10"* 

1.18 

Pro).  4.4  (ARF);  2960 

1.36 

4.60  X  10"* 

6.36  X  10“* 

1.18 

6600  ft 

Pro).  1.2  (NOL):  850 

0.16 

1.88  X  10“* 

1.86  X  10“* 

1.00 

Pro).  1.3  (NED:  800- 
850 

0.16 

1.94  X  10"* 

1.88  X  10~* 

0.97 

is  inferred  from  WB8  data.  Thus  the  Wigwam  dome  was  only  slightly  more  effective  a  piston 
than  the  dome  in  WB8  experiments. 

Sven  after  Wigwam  the  only  large  number  of  experimental  data  on  overpressures  in  air 
from  underwater  bursts  are  the  WS8  data.  The  evidence  is  that  the  water-to-air  coupling  was 
about  the  same  at  V^gwam  as  in  the  WB8  experiments.  On  the  other  hand,  the  deepest  WB8 
shot  was  not  as  deep  scalewlse  as  the  Wigwam  shot.  These  considerations  mean  that  overpres¬ 
sures  in  air  from  Wigwam  must  be  esctrapolated  from  the  WS8  data  using  a  theoretical  approach 
such  as  culminated  in  Bq.  8.  The  results  of  such  an  extrapolation  are  shown  in  Fig.  4- 

Two  items  of  digression  are  in  order.  First,  two  condensatitm  cones  over  surface  sero 
were  observed.*  These  cones  Indicate  that  n4gative-phase  overpressures  were  as  large  as  1 
psl.  However,  this  pressure  is  probably  not  dangerous  to  aircraft  since  it  is  gradually,  not 
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DISTANCe  FROM  SURFACE  ZERO  (ft) 

Fig.  4 — Predictioa  of  air  presaures  for  a  Wigwam  type  burst. 


suddenly,  applied.  Second,  gauges  at  the  YFNB>12  recorded  a  number  of  secondary  pressure 
signals.  The  most  obvious  of  these  were  at  4.0,  S.0,  and  11.8  sec.  The  first  two  of  thess  corrs' 
spend  to  the  arrival  of  signals  from  the  first  bubble  pulse  and  the  signal  reflected  from  the 
bottom.  These  later  signals  ware  not  shocks,  but  wave  trains  of  Indeterminate  character. 


8  CONCLUSIONS  AND  RECOMMENDATIONS 

Principally  because  of  bad  weather,  only  a  few  data  were  obtained  In  Project  4.5.  These 
data,  considered  with  theory  and  with  hlgh-exploslves  data,  lead  to  these  conclusions  and  rec¬ 
ommendations: 

1.  The  coupling  of  peak  overpressures  of  water  and  air  shock  waves  can  be  described 
acoustically  using  Eq.  1.  Subsequent  behavior  cannot. 

2.  Propagation  of  the  overpressure  wave  In  air  away  from  the  surface  cannot  be  described 
acoustically  (Eq.  3). 

3.  For  planning  purposes,  we  recommend  using  overpressures  In  air  scaled  from  WES 
data  as  presented  In  Fig.  4. 

4.  II  any  further  underwater  bursts  are  made,  we  recommend  measuring  air  pressures 
from  them,  but  not  by  using  balloons  unless  better  guarantees  can  be  given  about  weather  than 
at  Wigwam.  Particularly  should  pressure  measurements  be  made  If  relatively  shallower  bursts 
are  contemplated. 

REFERENCES 

1.  C.  7.  Aronson,  Photographic  Measurements  of  Surface  Phenomena,  Operation  Wigwam 
Report,  WT-1009,  to  be  published. 

2.  H.  J.  Plumley  et  al..  Project  Allas — A  Study  of  an  Atomic  Depth  Bomb,  Naval  Ordnance 
Laboratory  Report  NOL-11S8,  Oct.  1, 1951. 

3.  R.  H.  Cole,  “Underwater  Explosions,"  Princeton  University  Press,  1948. 

4.  C.  J.  Aronson,  Underwater  Free-fleld  Pressures  to  Just  Beyond  Target  Locations,  Opera¬ 
tion  Wigwam  Report,  WT-1005,  to  be  published. 

5.  J.  P.  Walsh,  Free-fleld  Pressures,  Station  Zero,  Operation  Wigwam  Report,  WT-IOOC,  to 
be  published. 

6.  H.  C.  Silent,  Free-fleld  Pressure  Measurements,  Operation  Wigwam  Report,  WT-1007,  to 
be  published. 

7.  F.  B.  Porsel,  Close-In  Time  of  Arrival  of  Underwater  Shock  Wave,  Operation  Wigwam 
Report,  WT-1034,  to  be  published. 

8.  N.  A.  Haskell,  Peak  Overpressures  In  Air  Due  to  a  Deep  Underwater  Explosion,  Air  Force 
Cambridge  Research  Center  Report  20,  November  1952. 

9.  F.  C.  Hlpp,  Acoustic  Solution  for  the  Air  Pressures  from  an  Underwater  E]q>losion,  Naval 
Ordnance  Laboratory  Report  NAVORD-3582,  hfar.  15,  1954. 

10.  M.  L.  Merritt,  Airpressures  from  Deep  Underwater  Explosion,  1,  Sandla  Corporation 
Technical  Memorandum  261-54-51,  Nov.  12,  1954. 

11.  M.  L.  Merritt  and  C.  R.  Mehl,  Airpressures  from  Deep  Underwater  Explosion,  n,  Cross- 
feed,  Sandla  Corporation  Technical  Memorandum  247-55-51,  December  1955. 

12.  L.  Rudlln,  Measurements  of  the  Airblast  from  the  Underwater  Explosion  of  TNT  Spheres, 
Naval  Ordnance  Laboratory  Report  NAVORD-3913,  June  30,  1955. 


16 


SECRET- RESTRICTED  DATA 


DISTRIBUTION 


Military  Distribution  Category  5-21 

ARMY  ACTIVITIES 

Ami.  Dep.  Chlaf  of  Suff  for  MlUury  Operation  D/A,  Waihlagton  25.  D.  C.  ATTNt  Am. 

Executive  (RASW)  1 

Chief  of  Reaeateh  and  Development,  D/A,  Waihlagton  26,  D.  C.  ATTNi  Special  Weaponi  and 
Air  Dcfeaie  Dlvtilon  2 

Chief  of  Ordnance,  D/A,  Waihlngton  25,  D.  C.  ATTNt  ORDTX'AR  3 

Chief  Signal  Officer,  D/A,  PRO  DlvUlon,  Waihlngton  25.  D.  C.  ATTNt  SIGOP  4-6 

The  Surgeon  General,  D/A,  Waihlngton  26,  D.  C.  ATTNt  Chief,  RU>  Dlvlilon  T 

Chief  Chemical  Officer,  D/A.  Waihlngton  25,  D.  C.  8~9 

The  Cuartermaiter  General,  D/A,  Waihlngton  25,  D.  C.  ATTNt  Reiearch  and  Development 
Dlv.  10 

ChUf  of  Englneeii.  D/A,  Waihlngton  25.  D.  C.  ATTNt  ENGNS  11 -IS 

Chief  of  Ttamportatlon,  Military  Planning  and  Intelligence  DIVm  Waihlngton  25,  D.  C.  16 

Commanding  General,  Contlnentai  Army  Command.  Pu  Monroe,  Va.  IT  "IS 

Preildent,  Board  M,  Headquanert,  ConUnenul  Army  Command.  Pt.  Sill,  Okla.  20 

Pteiident,  Board  12,  Headquarten,  Ccntlnenul  Army  Command,  Pt.  Knox,  Ky.  21 

Ptoildent  Board  13,  Headquarten,  Continental  Army  Command,  Pu  Banning,  Ga.  22 

Pteiident  Board  #4,  Headquanert  Contlnenul  Army  Command,  Fu  BUh,  Tex.  23 

Commanding  General,  U.  3.  Army  Caribbean,  Fu  Atiudot,  C.  2^  ATTNt  Cml.  Off.  24 

Commattder*in-Chlef,  Far  Earn  Command,  APO  600,  San  FranelMo,  CaUf.  ATTN;  ACofS, 

1-3  26  -26 

Commanding  General,  U.  3.  Army  Europe,  APO  403,  New  York,  N.  Y.  ATTNt  OPOT  Dlv., 

Combat  Dev.  Br.  27-23 

Commandant  Command  and  General  Staff  College,  Fu  Leavenwordi,  Kani.  ATTN: 

ALLLSfAS)  20-30 

Commandant  The  Artillery  and  Guided  MiiiUe  School,  Fu  SUl,  Okla.  31 

Secretary,  The  Antiaircraft  Artillery  and  Guided  Minile  School,  Pu  BUm,  Tex.  ATTN; 

Ma]  George  D.  Breliegan,  Depu  of  Tactici  and  Combined  Armi  32 

Commanding  General,  Army  Medical  Service  School,  Brooke  Army  Medical  Center,  Fu  Sam 
Houitoo,  Tex.  33 

Ditoctor,  Special  Weaponi  Development  Office,  Headquartert  CONARC,  Fu  BUm,  Tex. 

ATTNt  Capt  T.  E.  Skinner  34 

Commandant  Walter  Reed  Army  Inititute  of  Reiearch,  Walter  Reed  Army  Medical  Center, 

Waihlngton  25,  D.  C.  35 

Superintendent  V.  S.  Military  Academy,  Weit  Point  N.  Y.  ATTNt  Prof,  of  Ordnance  36 

Commandant  Chemical  Carpi  School,  Chemical  Corpi  Training  Command,  Fu  McClellan, 

Ala.  37 

Commanding  General,  Reiearch  and  Engineering  Command,  Army  Chemical  Center,  Md. 

ATTNt  Deputy  for  RW  and  Non-Toxic  Material  38 

Commanding  General,  Aberdeen  Proving  Groundi,  Md.  (inner  envelope).  ATTN;  RD  Control 
Officer  (for  Directot  Balliitic  Reiearch  Laboratoriei)  39—40 

17 


SECRET- RESTRICTED  DATA 


CommudlBg  Gmanl,  Th«  EngtaMi  Cmut,  Pu  Itlvob,  Va.  ATTNi  Am.  Conunandant, 
laglnMi  School  41-43 

Commanding  Ofllcai,  Bnginoor  RsanaKh  and  Onvnlopmant  Labotatory,  Pu  lolvoli,  Va. 

ATTNi  Chief,  Technical  tmlUgenee  Inneh  44 

Commanding  Officer,  Picatlnny  Anenal,  Dover,  N.  J.  ATTNi  ORDBS-TK  46 

Commanding  Officer,  Army  Medical  Haaearch  Laboratory,  Pt.  Knox,  Ky.  46 

Commanding  oncer.  Chemical  Corpi  Chemical  and  Radiological  Laboratory,  Army 
Chemical  Center,  Md.  ATTNi  Tech.  Ltoary  47-46 

Commanding  Officer,  Traniporutlon  RAD  Stttlon,  Pu  Buatli,  Va.  49 

Director,  Technical  Oocumenn  Canter,  Evana  Signal  Laboratory,  Belmar,  N.  J.  SO 

Director,  Watarwayt  Ixperlment  Station,  PO  Box  631,  Vlckabtirg,  Mtaa.  ATTNi  Library  61 

Director,  Armed  Porcea  Inadtute  of  Pathology.  Walter  Reed  Army  Medical  Canter,  6686  16th 
Street  N.  W..  Waihlngtoa  86.  D.  C.  58 

Dliector,  Operatloat  Reaeaieh  OfHce,  Johnt  Hopkins  Unlveitlty,  7100  Connecticut  Ave.,  Chevy 
Chase.  MSm  Washington  IS,  D.  C.  63 

Commanding  General,  Quartarmuter  Raaeareh  and  Development  Command,  Quartetmaster 
Research  and  Development  Center,  Natick,  Mass.  ATTNi  CBR  Liaison  Offleer  64—66 

NAVT  ACTIVITIES 

Chief  of  Naval  Gperatlons,  D/N,  Washington  86,  D.  C.  ATTNi  OP>36  66  -67 

Chief  of  Naval  (^leratloiis,  D/N,  Washington  86,  D.  C.  ATTNi  OP-03EG  SS 

Dfieetor  of  Naval  intelligence.  D/N,  Washington  85,  D.  C.  ATTNi  OP>988V  69 

Chief,  Bureau  of  Medicine  and  Surgery.  D/Ii  Washington  85,  D.  C.  ATTNi  Special  Weapons 
Defsnse  Dlv.  60 

Chief,  Bateau  of  Ordnance,  D/N,  Washington  36.  D.  C.  61 

Chief,  Bureau  of  Ships,  D/N,  Wadtlngton  86,  D.  C.  ATTNi  Code  348  63 

Chlat  Buteeu  of  Yards  and  OocM,  D/N,  WsNilngton  26,  D.  C.  ATTNi  D-440  63 

Chief.  Bureau  of  Supplies  and  Accounls,  D/N,  Washington  35,  D.  C.  64 

Chief,  Bureau  of  Aetonaudes,  D/N,  Washington  85,  D.  C.  66-66 

Chief  of  Naval  Research,  Department  of  the  Navy,  Washington  36,  D.  C.  ATTNi  Code  811  67 

Commander-lnOiief,  U.  S.  Pacific  Fleet  Fleet  Post  Office,  San  Pranclaco,  Calif.  68 

Commander  ln«Chief,  U.  S.  Atlantic  Fleet  U.  8.  Naval  Base,  Norfolk  11,  Va.  69 

Commandant  U.  S.  Marine  Corps,  Washington  86,  D.  C.  ATTNi  Code  A03H  70-73 

Ikesldent  U.  3.  Naval  War  College,  Newport  R.  L  74 

Superintendent  U.  S.  Navel  Post^aduate  School,  Monterey,  C  .If.  76 

Commanding  Officer,  U.  S.  Naval  Schools  Command,  U.  S.  Naval  Station,  Treasure  IsUnd, 

San  ftanciaco,  Calif.  76 

Commanding  Officer,  U.  8.  Fleet  Training  Center,  Naval  Base,  Norfolk  11,  Va.  ATTNi  Special 
WeapcM  School  77 

Commanding  Offleet  U.  S.  Fleet  Training  Center,  Naval  Sution,  San  Diego  36,  Calif.  ATTNi 
(SPWP  School)  78 

Commanding  Officer,  Air  Development  Squadron  5,  VX>5.  U.  S.  Naval  Air  Sution,  Moffett 
Field,  Calif.  79 

Commanding  Officer,  U.  8.  Naval  Damage  Cemtol  Training  Cenur,  Naval  Bose,  Philadelphia 
18.  PU.  ATTN  ABC  Defense  Couru  30 

Commanding  Officer,  U.  S.  Naval  Uilt  Chemical  Corps  School,  Army  Chemical  Training 
Center,  Ft  McCtellan,  Alt.  81 

Commander,  U.  S.  Naval  Ordnance  Laboratory,  Silver  Spring  19,  Md.  ATTN  EE  S2 

Commender.  U.  8.  Naval  Ordnance  Laboratory,  Sliver  Spring  19,  Md.  ATTN  EH  83 

Commander,  U.  S.  Naval  Ordnance  Laboratory,  Silver  Spring  19,  Md.  ATTN  R  84 

Commander,  U.  8.  Naval  Ordnance  Test  Sution,  Inyoketn,  China  Lake,  Calif.  86 

Officer'in-Cbarge,  U.  8.  Naval  Civil  Bnglnesulng  Reu  and  Evaluation  Lab.,  U.  S.  Naval 
Coattruedon  Batulion  Center,  For  Hueneme,  Calif.  ATTN  Code  763  86 

Commanding  Officer,  U.  S.  Naval  Medical  Research  Inst,  National  Naval  Medical  Center, 

Beihesda  14,  Md.  87 

Director,  Naval  Air  Bxperlmcnul  Sution,  Air  MaterUl  Center,  U.  S.  Naval  Base,  IhlUdelphU, 

Pa.  88 

Director,  U.  S.  Naval  Research  Laboratory,  Washington  86,  0.  C.  ATTN  Mru  Katherine  H.  Cass  89 

18 


SECRET- RESTRICTED  DATA 


Comnunding  Officer  end  Dtreetor.  U.  S.  Navy  Electronic!  Uboretory,  Sen  Diego  68,  Celif, 

ATTNi  Code  4283  80 

Commending  Officer,  U.  8.  Nevel  Rediologicel  Defenie  Lebotetory,  Sen  Renciico  84, 

Celif.  ATTNt  Technlcel  Informetlon  DlvUlon  81  -88 

Commending  Officer  end  Director,  Devld  W.  Teylor  Model  Beiln,  Weihlngton  7,  D.  C. 

ATTNt  Libtery  03-84 

Commander,  U.  S.  Naval  Air  Development  Center,  Johneville,  Pe.  06 

AOt  FORCE  ACTIVITIES 

AMU  for  Atomic  bietgy,  Heedquettert,  USAF,  Weehlngton  86,  D.  C.  ATTNt  DCS/O  86 

Director  of  Operetloni,  Meedqiiertert,  USAF,  Weihlngton  26,  D.  C.  ATTNt  Operetioni 
Anelyili  87 

Director  of  PUni,  Headquarter!.  USAF,  Weihlngton  26,  D.  C.  ATTNt  War  Plane  Div.  88 

Director  of  Rewareh  end  Development,  Heedquerten,  USAF,  Weihlngton  26,  D.  C.  ATTNt 
Combat  Componenti  Div.  88 

Director  of  mtelllgence,  Heedquerten,  USAF,  Weihlngton  26,  D.  C.  ATTNt  AFOIN-IB2  100-101 

The  Surgeon  General,  Headquarten,  USAF.  Weihlngton  86,  D.  C,  ATTNt  Bio.  Oef.  Br..  Pre. 

Med.  Div.  108 

Deputy  Chief  of  Staff,  Intelligence,  Headquarten,  U.  S.  Air  Forcei  Europe,  APO  633,  New 
York,  N.  Y.  ATTNt  Directorate  of  Ait  Targen  103 

Commander,  407th  Reconnaiuance  Technical  Squadron  (Augmented),  APO  C33,  New  York,  N.  Y.  104 

Commander,  Par  Eaat  Air  Forcei,  APO  826,  San  Rranciico,  Calif.  106 

Commander-In-Chief,  Strategic  Air  Command,  Offiitt  Air  Force  Baie,  Omaha,  Nebr.  ATTNt 
Special  Weapom  Branch,  Inipector  Div.,  Inipector  General  106 

Commander,  Tactical  Air  Command,  Langley  AFB,  Va.  ATTNt  Document!  Security  bench  107 

Commander,  Alt  Defenie  Command,  &it  AFB,  Colo.  lOS 

Commander,  Wright  Air  Development  Center,  Wrlght-Pattenen  AFB,  Dayton,  Ohio  ATTNt 
WCBRN,  Blait  Effect!  Reaeaich  108-110 

Commander,  Alt  Beieatch  and  Development  Command,  PO  Box  1386,  Baltimore,  Md.  ATTNt 
BOON  111 

Commander,  Alt  Proving  Ground  Command,  Eglia  APB,  Fla.  ATTNt  AdJ./Tech.  Report  Branch  118 

Director,  Air  Univenity  Library,  Maxwell  AFB,  Ala.  113-114 

Commander,  Flying  Training  Air  Force,  Waco,  Tex.  ATTNt  Director  of  Obierver  Training  116-188 

Commander,  Crew  training  Air  b»ce,  Randolph  Field,  Tex.  ATTNt  8GTS,  DCS/O  183 

Commandant,  Ait  Force  School  of  Aviation  Medicine,  Randolph  AFB,  Tex.  184-186 

Commander,  Iblght  Air  Development  Center,  Ibl^t-Pattenon  AFB,  Dayton,  Ohio.  ATTNt 
WC06I  186-131 

Commander,  Air  Force  Cambridge  Reiearcb  Center,  LG  Hanicom  Field,  Bedford,  Maw. 

ATTNt  CRQST-2  138-133 

Commander,  Air  Force  Special  Weapon!  Center,  Klrtland  AFB,  N.  Mex.  ATTNt  Library  134—136 

Commandant.  USAF  Initimte  of  Technology,  Wrlght-Patterion  AFB,  Dayton,  Ohio.  ATTNt 
Reiident  College  137 

Comnunder,  Lowry  AFB,  Denver,  Colo.  ATTNt  Department  of  Armament  Training  138—138 

Commander,  1008th  Special  Weapom  Squadron,  Headquarten,  USAF,  Waihington  86,  D.  C.  140 

The  RAND  Corporation,  1700  Main  Street,  Sanu  Monica,  Calif.  ATTNt  Nuclear  Energy 
Divlilon  141-142 

Commander,  Second  Air  Force,  Barkidale  AFB,  La.  ATTNt  Operatioai  Aiulyiii  Office  143 

Commander,  Eighth  Air  Force,  Wettover  AfV,  Maw.  ATTNt  Operatlom  Analyili  Office  144 

Commander,  Fifteenth  Alt  Force,  March  AFB,  Calif.  ATTNt  Operatiom  Aiulyiii  Office  146 

Commander,  Weitern  Development  Div.  (ARDC),  PO  Box  868,  Inglewood,  Calif.  ATTNt 
WDSIT,  Mr.  R.  C.  Weltx  146 

OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITUS 

Awt.  Secretary  of  Defenie,  Reiearch  and  Development,  D/D,  Weihlngton  86,  D.  C.  ATTNt 
Tech.  Library  147 

U.  S.  Documentt  Officer,  Office  of  the  U.  S.  National  Military  Repteientatlve,  SHAPE,  APO 
66,  New  York,  N.  Y.  143 

Director,  Weapom  Syitemi  Evaluation  Group,  OSD,  Rm  2E1006,  Pentagon,  Waihington  26,  D.  C.  148 
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SECRET- RESTRICTED  DATA 


SECRET 


Airaad  IwvicM  IxplMlvM  Itfaty  Botid.  0/0.  luUdlng  T*7,  Gtavelly  Point,  Wtihlngton  28, 

O.  C.  180 

Commandnnt,  Atmod  Poccm  Mutt  CoUogo,  Norfolk  11,  Vi.  ATTNi  Sociottty  181 

Comnunding  Goaortl,  Plold  Commond,  Atmod  Poreoi  Spoelol  Weopom  Ptojoet,  PO  Box  8100, 

Albuduoiquo,  N.  Mox,  102-18T 

Commondlng  Gonoral,  PUld  Command,  Atmod  Potee*  Spoclal  Woapom  Projoct,  PO  Box  8100, 

Albuquoiqua,  N.  Mox.  ATTNt  Toehnlcal  Training  Group  10S**109 

Chlof,  Atmod  Potcoi  Spoeial  Woaponi  Ptojoct,  Waihlngton  88,  0.  C.  ATTN:  Oocumonu 
Library  Branch  160-168 

ATOMIC  ENBRGT  COMMISSION  ACTlVmBS 

U.  8.  Atomic  Bbargy  CommiMion.  Claulfiod  Technical  Library.  1901  CoMtUution  Avo., 

Waihington  28,  0.  C.  ATTN:  Mtt.  J.  M.  O’Leary  (for  OMA)  169-171 

Lot  Alamot  Scientifie  Laboratory,  Beport  Library.  PO  Box  1883,  Lot  Alamot,  N.  Max.  ATTNt 
Melon  Badman  172—173 

Sandia  Corporation,  Clattiflod  Document  Dlvitioa,  Sandia  Bate,  Albuquerque,  N.  Mex.  ATTNt 
Martin  Lucero  174-178 

Univenlty  of  California  Badiation  Laboratory,  PO  Box  808,  Livermore,  Calif.  ATTNt  Margaret 
Bdlund  179-181 

Weapon  Data  Secdoo,  Technical  Infcrmatiaa  Service  Extention.  Oik  Bidge,  Tenn.  182 

Technical  Bifamudon  iervice  Extention,  Otk  BMge,  Tenn.  (nirplut)  188-809 

ADDITIONAL  DISTBBUTION 

Commander.  Operadonal  Development  Potee,  United  Statet  Atlantic  Fleet,  United  Statet 
Naval  Bate,  Norfolk  11,  Va.  210 


